In this correspondence, we correct the ergodic capacity versus SNR curves of the coherent multiple-input multiple-output (MIMO) channel in independent and identically distributed (IID) Rayleigh fading in the correspondence cited in the title [1] . More importantly, the corrected capacity results present an interesting and compelling contrast between performances of the coherent MIMO systems with and without channel state information at the transmitter; whereas this view is somewhat limited in [1] because of flaws in the capacity curves.
I. INTRODUCTION
T HE main objective of this note is to correct the ergodic capacity versus SNR graphs of the MIMO fading channel in [1] . The ergodic capacity of a coherent MIMO fading channel H 1 with perfect instantaneous channel state information H at the transmitter (CSIT) can be obtained by solving the following problem 2 
where Q(H) is the input covariance matrix and P is an average power constraint at the transmitter, which implies Tr(E H [Q(H)]) ≤ P . In [1] , the authors solved the optimization in (1) for the IID Rayleigh fading model, i.e. channel matrix H has i.i.d. entries and each entry in H ∼ CN(0, 1)), to yield the capacity with CSIT as
where m = min(N R , N T ) and the optimal waterfilling power scheme P (λ) = (1/λ 0 − 1/λ) + . We will use explicit notation C(x, y, z) (resp. C(x, y, z)) to denote the capacity of this x × y MIMO fading channel with CSIT (resp. without CSIT) under constraint z on the average transmit power. Precisely, the ergodic capacity has an integral-form expression as given in the Eq. (58) in [1] , and is reproduced here with a simple change of variables 3 as follows: where λ 0 is the cutoff parameter determined from
and the eigenmode distribution f λ (λ) is given by
where, in turn, n = max(N R , N T ) and L n−m k (λ), the associated Laguerre polynomial of order k, has a closed-form expression given as
The ergodic capacity of this coherent MIMO channel without CSIT is given by
and the optimal power allocation is obtained by dividing the total transmit power P equally among all transmit antennas [2, Theorem 2]. It is easy to verify that
and
holds in general, except with equality when N R = N T . In fact, it is easy to check that for N R > N T ,
In the following, for simplicity of notation, we will drop the functional dependence so that C and C should be understood to refer to C(N R , N T , P ) and C(N R , N T , P ) respectively. In the next section, we present counter ergodic capacity results with detailed justifications followed by comparison with the existing curves in the correspondence cited in the title. The note concludes with a brief discussion and implication of the corrected capacity results with and without CSIT.
II. COUNTER RESULTS
The focus is on the ergodic capacity versus SNR curves for the MIMO Rayleigh channel with CSIT presented in the Fig. 5 (or Fig. 6 ) in [1] . In this section, we present counter results for the ergodic capacity of the MIMO Rayleigh channel with CSIT computed using two independent approaches: one set of results is computed using standard root-finding algorithms to evaluate the waterfilling level 1/λ 0 in (4) and then using numerical integration in (3), and the second set of results using Monte Carlo simulation 4 . The range of SNR 5 , N T and N R are chosen as identical to that in [1] . The computed values with these two methods are close and thus, suggesting the correctness of the results; precisely, the values match exactly up to 2 decimal places, see Table I-Table V. The numerically solved capacity with CSIT in Table I-Table V are plotted in Fig. 1 and Fig. 2 along with the corresponding capacity without CSIT. The capacity results without CSIT are determined by solving the integral in (7) numerically and are also verified with Monte Carlo simulations, see Table VI-Table XIV in Appendix A. To further validate the capacity results with CSIT as shown in Fig. 1 (or Fig. 2) , we focus on the extreme SNR regimes.
• In the high SNR regime, the optimal waterfilling scheme allocates nearly same power for all states i.e. P (λ) ≈ P/m [3, pp. 346-348] . Thus, at high SNR,
Comparing (11) with (7), it is straightforward that, at high SNR,
whenever m = N T . This fact, clearly visible in Fig. 1 at high SNRs, validates the correctness of the capacity values with CSIT presented in this note. • In the low SNR regime, [4] showed that the ergodic capacity with CSIT of this MIMO fading channel scales asymptotically as SNR log(1/SNR) 6 ; in particular, an on-off transmission scheme on the strongest eigenmode 7 (say λ max ) is proposed that is "asymptotically (at low SNR) capacityachieving". This observation is also hinted in [3, Eq. (7.15)]. The ergodic rate achievable with the on-off transmission scheme is given by [4] 
where τ is the cutoff parameter (chosen same as the waterfilling cutoff λ 0 ) and P 0 = P/ ∞ τ f λmax (λ)dλ. These rates are obtained by Monte Carlo simulations for a wide range of low SNR values and plotted in Fig. 3 along with corresponding ergodic capacity with CSIT achieved using the 'optimal' waterfilling scheme over all the non-zero eigenmodes. The on-off power scheme rates are close to the computed capacity values with CSIT at sufficiently low SNRs; for example, observe the rates in Fig. 3 at the SNR of −15 dB or lower (for exact comparison, see Table XV-Table XIX in Appendix B) . This further validates the correctness of the capacity results with CSIT presented here. A close examination of the ergodic capacity versus SNR curves in the Fig. 5 and Fig. 6 in [1] , when compared with Fig. 1 and Fig. 2 respectively in this note, indicates several differences as follows:
• At low SNRs, the capacity values with CSIT in the Fig. 5 in [1] show significantly 'larger' improvements with increasing N R receive antennas than the corresponding values in Fig. 1 in this note. For example, at low enough SNR of −15 dB, the capacity with CSIT in the Fig. 5 in [1] varies roughly from around 1 to 5 bits/s/Hz as N R receive antennas increase from 4 to 12 respectively while the corresponding capacity values for these settings in Fig. 1 (or Fig. 3 ) range nearly from 1.18 to 2.17 bits/s/Hz respectively. • Though less noticeable, at high SNRs, the capacity values with CSIT in the Fig. 5 in [1] are slightly lower in comparison to the corresponding values in Fig. 1 here. • Furthermore, the capacity curves without CSIT in the Fig. 5 and Fig. 6 in [1] are inaccurate; for example, the C ≈ C approximation at high SNR whenever m = N T (as noted in (12)), is missing in the Fig. 5 in [1] . Similar discrepancy can be noticed in the Fig. 6 in [1] by comparing capacity values of the 4×4 Rayleigh channel with and without CSIT at high SNRs ((12) holds for this specific channel setting, but is missing in the Fig. 6 in [1] as well). In conclusion, there are serious inaccuracies in the ergodic capacity versus SNR graphs (both CSIT and no CSIT) presented in the Fig. 5 and Fig. 6 in [1] , thus resulting in unwarranted comparison and conclusion. These graphs are corrected and presented as Fig. 1 and Fig. 2 along with detailed justifications in this note.
III. DISCUSSION
An interesting contrast between performances of the coherent MIMO systems with and without CSIT can be inferred from the corrected capacity curves in Fig. 1 and Fig. 2 :
• For the case when the number of receive antennas N R is kept fixed and number of transmit antennas N T is increasing (above N R ), the capacity curves without CSIT suggest the effect of varying N T is marginal. To justify this, notice that the transmit power is spread out equally across all directions in the C N T vector space due to the lack of CSIT, leading to 'wasted' energy which increases with increasing N T . On the contrary, the diversity gains possible to the receiver improve due to increasing N T . Overall, the improvement in the capacity without CSIT is marginal; with CSIT, the vector is projected on only the desirable m non-zero eigenmodes or directions. • In contrast, for the case when N T is fixed and N R is increasing (above N T ), the gap between the capacity curves with CSIT and without CSIT is generally small and nearly vanishes at high SNR (see (12)). At high SNRs, and since m = N T holds here, it is easy to deduce that the optimal power allocations at the transmit antennas in both situations (CSIT and no CSIT) are nearly identical. Furthermore, with focus on the capacity without CSIT here, notice that the spread of transmit power or energy across all directions in C N T remains 'same' (since N T is fixed) while the coherent receiver is able to exploit higher diversity gains possible due to increasing N R . This overall contrast is somewhat limited in [1] because of flaws in the capacity curves.
The implications of these observations for the coherent MIMO system design can be briefly summarized as follows:
1) the loss of capacity due to lack of channel state information at the transmitter side for the MIMO Rayleigh fading channel can be made significantly smaller at medium to high SNRs by providing a 'larger' antenna array at the receiver 8 . 
